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ABSTRACT 



A unitary, flexible, substantially noncollapsible catheter 
tube of biocompatible material is comprised of hard and 
soft regions. The hard regions can be ring shaped or 
helical. The hard regions provide sufficient rigidity to 
the tube to prevent collapse under normal usage as the 
interior and exterior pressures vary. The soft regions 
provide sufficient flexibility to allow contoured place- 
ment of the tube. The hard regions can be created by 
exposing a polymer in the tube to radiation. The hard 
regions can also be created by periodically adding a 
harder material to the tube. 

10 Claims, 3 Drawing Sheets 
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FLEXIBLE, NONCOLLAPSIBLE CATHETER 
TUBE WITH HARD AND SOFT REGIONS 

BACKGROUND OF THE INVENTION 

Flexible tubing is used in many medical applications. 
The flexing of the tube permits contoured placement. In 
a medical context, flexible tubing is required for use in 
catheter devices to prevent damage when inserted into 
a body lumen. However, flexible tubing has a continu- 
ing problem with collapse. To prevent collapse, cathe- 
ters require adequate stiffness to effect insertion into the 
body lumen and to resist collapse as the respective inte- 
rior and exterior pressures of the tube vary. 

Catheter tubes are typically used for nasogastric suc- 
tion, for the administration of intravenous fluids and 
blood, for hemodialysis and other blood handling tech- 
niques, for gastro-duodenal feeding tubes, suction tub- 
ing, and tracheostomy tubing. Kinking of such tubing 



10 



15 



can be hardened to create a plurality of interspaced 
hardened and flexible regions. Also, a helically shaped 
area of the tube can be exposed to produce a hardened 
portion in that shape. 

Thus, a flexible, contourable tube is created with 
sufficient stiffness and rigidity to resist collapse of the 
tube. The flexibility permits accommodation with the 
variation and the anatomic difference between patients 
and prevents tissue damage by conforming to the vascu- 
lar architecture of the individual. Moreover, the stiff- 
ness is sufficient to permit easy insertion and to prevent 
collapse of the tube. Thus, adequate blood flows are 
assured and adequate predictable fluid infusion rates 
over a broad range of clinical applications are permit- 
ted. A specific patient's requirements can be tailored at 
the bedside. For example, unlike conventional catheters 
which use a metallic coil to provide tube hardening, a 
physician could insert a specific length of the catheter 
of the invention into a patient without exposing body 



can cause blocking of the catheter. When kinking or 20 lumens to a sharp metal edge. The hardened areas as- 
sure obstruction prevention despite shifts in the patient's 
position and/or application of negative suction forces 
for sustaining high blood flow during procedures such 
as hemodialysis, hemofiltration, hemoprofusion, and 
plasmapheresis. The device, is easy to manipulate and 
simple and inexpensive to manufacture. The device can 
also be used as a radio-opaque, low cost surgical drain. 
The integral construction of the tube creates both a 
smooth interior, as well as exterior, diameter. Thus, the 
tube is very compact. The simple construction permits 
the use of inexpensive manufacturing techniques. 

The above and other features of the invention includ- 
ing various novel details of the construction and combi- 

. . . „ A ~~„ n *~ r*\rr na rr n nations of parts will now be more particularly described 
tubina which is flexible yet includes adequate stiffness 33 . . r r , . r . . J . 

iuuuis wuiwii « v jr v , . . with reference to the accompanying drawings as 

to prevent collapse during normal use. The invention is K J e b 

directed to a flexible, non-collapsible tube comprising a 
flexible region including a first composition and a hard- 
ened region of said first composition. The flexible re- 
gion permits contoured placement of the tube in a medi- 40 
cal context. The hardened region of the tube provides 
sufficient rigidity to prevent collapse of the tube during 
long term use. In the preferred embodiment, the tube is 
comprised of a polymer such as polyurethane with 
polybutadiene. The hardened region can further com- 45 
prise a plurality of ring shaped volumes. Also, the hard- 
ened region can comprise a helically shaped volume. 
The hardened regions can be formed by exposing the 
tube to radiation. This radiation can be ultra-violet en 



suction induced collapse of the tube walls occur, flow 
ceases in the tubing and the consequences can be seri- 
ous — even fatal. 

Knotting can also occur in tubing induced into a body 
cavity. Such knots make it impossible to withdraw the 25 
tubing without resorting to surgery. 

Catheters can be a source of infection. This problem 
is exacerbated the longer the catheter remains in the 
body. Organisms can enter the body at the skin sur- 
rounding the catheter or through the interior of the 30 
catheter. 

SUMMARY OF THE INVENTION 
Accordingly, a need exists in the medical field for 



pointed out in the claims. It will be understood that the 
particular device embodying the invention is shown by 
way of illustration only and not as a limitation of the 
invention. The principles and features of this invention 
will be employed in varied and numerous embodiments 
without departing from the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features and advan- 
tages of the invention will be apparent from the follow- 
ing more particular description of preferred embodi- 
ments of the invention, as illustrated in the accompany- 
ing drawings in which like reference characters refer to 



ergy or thermal energy. The tube can further comprise 50 the same pans throughout the different views. The 



additional radio-opaque material whenever necessary to 
permit positioning and placement under fluoroscopy 
and easier verification of position by a simple x-ray. 
Also, the hardened regions can be hardened in vivo. A 
means can be provided to sterilize the catheter in vivo. 55 
A second embodiment of the flexible, non-collapsible 
catheter for insertion in a body lumen can comprise a 
flexible region including a first composition and a hard- 
ened region including a second composition hardened 
by exposure to radiation. 

Hie flexible tube of the invention can be manufac- 
tured by (a) extruding a biocompatible plastic material 
having a substantially continuous composition to form a 
tubular plastic member and (b) exposing portions of a 
plastic member to radiation to expose the hardened 65 
portions. As noted previously, the radiation can be 
ultraviolet energy or thermal energy, but is not limited 
thereto. For example, ring shaped regions of the tube 



drawings are not necessarily to scale, emphasis instead 
being placed upon illustrating the principles of the in- 
vention. 

FIG. la illustrates the flexible, non-collapsible tube of 
the invention with ring shaped hardened areas. 

FIG. lb illustrates a longitudinal cross-sectional view 
of FIG. la. 

FIG. 2a illustrates the flexible, non-collapsible tube of 
the invention including a helically shaped hardened 
60 area. 

FIG. 2b illustrates a longitudinal, cross-sectional 
view of the invention of FIG. 2a. 

FIG. 3 illustrates a horizontal, cross-sectional view of 
FIG. 2a. 

FIG. 4 illustrates the placement of the flexible, non- 
collapsible tube of the invention in a body lumen. 

FIG. 4a illustrates the interior of the tube of the in- 
vention. 
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FIG. 5 illustrates an extrusion device for manufactur- to the indwelling (or inserted/intravascular) portion of 

ing the flexible, non-collapsible tube of the invention the catheter, hence allowing a highly flexible portion to 

comprised of a hardened area of the same composition extrude, which would be easy to fix or position, provid- 

as the flexible area, ing the patient with minimal discomfort. 

FIG. 6 illustrates an extrusion device for manufactur- 5 FIGS. 2a and 2b illustrate a second embodiment of 

ing a second embodiment of the flexible, non-collapsible the flexible, noncollapsible tube 30. Both the flexible 

tube of the invention including a flexible area comprised area 10 and the hardened area 20 are in the shape of a 

of a first material and a hardened area comprised of a helix. E and F represent the length of sections 20 and 10 

second material. respectively along the longitudinal axis. The respective 

FIG. 7(a) illustrates a longitudinal cross-sectional 10 area s form an angle 6 with the longitudinal axis of the 

view of an in vivo sterilization catheter. tube 30. FIG. 2b illustrates a longitudinal cross-sec- 

FIG. 1(b) illustrates a horizontal cross-sectional view t j ona i view of the embodiment of FIG. 2a. As with the 

of the invention of FIG. 1(a). ring-shaped embodiment of FIGS, la and lb, the helical 

DETAILED DESCRIPTION OF THE embodiment of FIGS. 2a and 2b create inner and outer 

INVENTION 15 diameters which are smooth along their longitudinal 

lengths. G represents the inner diameter of the tube 

FIGS, la and lb illustrate a first embodiment of the whe reas H represents the outer diameter of the tube, 

invention. FIG. la shows a schematic view of the flexi- FIG. 3 illustrates a horizontal cross-section of the 

We, noncollapsible biocompatible tube 30. Tube 30 is tubc of FIG 2b whh a hcHca] hardcned As can 

comprised of a hardenable polymer, such as polyure- 20 be seen from FIG. 3, the horizontal cross section reveals 

thane with polybutadiene, which stiffens when exposed that hardened section 20 comprises a small section of 

to ultraviolet energy or thermal energy. As can be seen ^ 3Q whh t tQ thc nexiblc scction 1Q 

in FIG. Iff, flexible section 10, having a length B, pro- Mcdica , tubes and catheterSf surrounde d as they are 

VI des adequate surface area to permit flexing of the tube b ^ ^ ^ ^ ^ subjccted to a 

around small radii curves. This allows insertion and 25 dea] Qf difect ^ and $train The ^ . 

placement. without vascular wall injury or discomfort * - c be ' 

to the patient. Moreover, the flexible volumes 10 are u n * v ri. ■ 1 ■ i_ 
F autm. , When a hollow tube of homogenous material is sub- 
interspersed with the hardened volumes 20. These hard- . # , .-i.-j.vi.jj- c 
' ^ . . , rr • * ♦*«■ jected to bending, material outside the bend radius of 
ened regtons provide sufficient stiffness to prevent col- J v . 1 • • w . j. *i 1 
, f. v ij i* • *u tv,^ ♦..k Q m the neutral axis is subjected to tensile stress proportiona 
lapse which would result m the obstruction of the tube 30 f J . K 7 

opening or lumen. Thus, a tube constructed as shown in 10 | ts d * tan £ e from neutral axis " Conversely, mate- 

FIG. Iff can be used to infuse or suck fluids and blood naI Ins * e the neutral axis 1S subjected to compressive 

products from veins, arteries, respiratory and conges- stress - These stresse * cause ! h k e ™ x ™} to ««f h and 

tive conduits for long periods of time. compress in accordance with Hooke s law allowing 

Polyurethane, which is radioopaque, is useful in de- 35 ben J? ln S t0 take P lace *. „ 

termining the placement of the catheter. Other radi- J hese also collapsmg force on the 

oopaque materials could also be added to the catheter to tube proportional to the ratio R,/R», where R, is the 

assist in locating the catheter position. radlus of f tl J e tube and R » IS ^ rad ! us of th r e bend * ^ 

FIG. lb shows the longitudinal cross-section of the ablIltv of the tube 10 resist thls collapsing force is pro- 
schematic illustration of tube 30. As noted in the discus- 40 portional to the ratio R,/W, where W is the wall thick- 
sion of FIG. Iff. B represents the length of flexible sec- ness of the tube * 

tion 10 and A represents the length of hardened section Therefore, m general terms, the non -collapsing force 

20 The integral unitary composition of tube 30 creates on the tube of homogeneous material is limited by the 

a compact, smooth walled coupling device. wal1 thickness of the tube; the smaller the bend radius 

Prior catheters used a soft polymeric tube structure 45 «1« thicker the wall that must be used, 
with internally reinforced stainless steel or polymeric In the cai * o f a l ^e selectively reinforced by a spiral 
springs, These springs increased the cost of the tubes or a series of rings of harder material, the collapse 
substantially and reduced the efficiency of the tube by strength of the tube is increased. This permits the use of 
reducing the inner diameter and increasing the catheter a smaller bend radius and/or a thinner walled tube than 
wall thickness. By comparison, the interior and exterior 50 a tube of homogeneous material, 
diameters C and D, respectively, of the invention are Some of the advantages of this type of tubing over 
constant along the length of the tube 30. The length and homogeneous tubing as related to catheter usage are 
caliber (or gauge) of the tube will depend on the in- tighter bend radii for anatomical placement, larger in- 
tended application. Given its simplicity, flexibility and side diameter for a given outside diameter permitting 
relative low cost, construction can fit a gamut of appli- 55 greater fluid flow, and increased collapse resistance 
cations for various lengths and diameters. from body weight and vacuum aspiration. 

The ratio of lengths A and B, will vary in accordance FIG. 4 illustrates the placement of the flexible, non- 
with the specific application. For instance, hemodialysis collapsible tube of the invention. Section 110 illustrates 
catheters would have a regular sequential structure target tissue which includes a portion of a small vessel, 
whereby portions A would be discrete bands about 1.5 60 tortuous pathway which must be traversed to reach a 
mm wide alternating with portions B which would be selected target site. Vessel 112 branches into vessel 114 
discrete bands about 3 mm wide. The ratio of A/B and vessel 116 branches from vessel 114. Tube 122 rep- 
would therefore be about J for hemodialysis applica- resents a flexible, noncollapsible catheter structure in 
tions. accordance with the invention. As can be seen from 

In some instances, i.e. central lines for intravenous 65 FIG. 4, the catheter easily conforms to the tortuous, 
feeding and/or drug infusion, the hardened portions small blood vessel path. Moreover, the hardened sec- 
need not be present along the whole length of the cathe- tions of catheter 122 prevents collapse regardless of the 
ter. Ideally, the hardened portions would be restricted pressures residing at the interior or exterior of the tube. 
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The tube can be extruded in soft polyurethane and light. To sterilize in vivo, a solution which conducts 
then submitted locally to an intense ultraviolet light ultraviolet light such as a saline solution is sent along 
which would locally harden sections of the tube to a the catheter interior and the ultraviolet light is acti- 
higher durometer, such as 80 or 90 Shore A. The tube vated. The ultraviolet light sterilizes the catheter inte- 
would retain its original softness everywhere except in 5 rior and the body tissue surrounding the catheter, espe- 
those areas that have been treated. Thus, the unhard- cially tissue at the point of entry into the body. As a 
ened part of the tube will add the flexibility needed for result, the risk of infection is reduced. This five minute 
adequate manipulation of the tube during catheteriza- process need only be performed once every twenty- 
tion procedures or to navigate around tight vascular four hours to be effective. The fiber optics can be clad- 
corners. The hardened rings or helical sections will 10 ded along its length or in segments. Thus, by moving 
prevent the collapse of the tube under outside pressure. the unclad portions of the fiber along the length of the 
The tube's resistance to collapse permits long term in catheter, selected areas can be sterilized or hardened, 
vivo use. Localized heating could also create this per- FIG. 1(b) illustrates a horizontal cross sectional view 
fectly smooth plastic catheter which is flexible and of the catheter with combined fiber optics. One or two 
noncollapsible. The hardened catheter can be removed 15 fiber optics can be used for sterilization 
from the patient by pulling on the device. Equivalents 

FIG. 4a illustrates the interior of the catheter 300 ^ 
when in use in a body lumen 100. Fiber optic 15 can be Those skilled in the art will recognize, or be able to 
used to transmit light to diagnose disease, to ablate ascertain, using no more than routine experimentation, 
tissue, to harden the tube sections, and to sterilize the 20 many equivalents to the specific embodiment described 
catheter. Catheter 300 is comprised of hardened sec- herein. 

tions 201 and flexible sections 101- The invention is also applicable to tracheostomy or 

FIGS. 5 and 6 illustrate inexpensive simple tech- endotracheal tubing. These tubes can also be hardened 
niques for manufacturing flexible tubing with noncol- in situ or in vivo after insertion with ultraviolet light, 
Iapsible hardened sections. For example, FIG. 5 shows 25 beamed in a controlled segmental fashion to produce . 
an apparatus for creating a single composition tube. precisely hardened segments to produce a molded tub- 
Extruder 40 directs the plastic polymer material of the ing, adapted to a given patient's anatomy, For example, 
tube 30 along pipe 42 to a tubing die 44. Unformed tube dedicated optical fibers as in FIG. 1(a), with the clad- 
46 is extruded from tubing die 44 and is conveyed to a ding and which are moveable along the length of the 
radiation source 48. Radiation source 48 exposes por- 30 catheter can be used to harden the tube at selected 
tions of unformed tube 46 to create hardened sections 20 locations, as well as to sterilize tissue at selected loca- 
interspersed with flexible sections 10. A source of ther- tions. 

mal energy would be substituted for the radiation These and all other equivalents are intended to be 
source 48. FIG. 5 shows the creation of ring shaped encompassed by the following claims, 
hardened regions. Radiation source 48 can also expose a 35 I claim: 

helically shaped area to harden a portion of tube 30 into 1. A unitary flexible, substantially noncollapsible 
a he i ix biocompatible catheter tube comprising: 

FIG 6 illustrates an apparatus for making a flexible, a flexible region including a first polymer composi- 
noncollapsible catheter comprised of a first flexible tion formed of polyurethane with polybutadiene, 

material and a second harder material. Extruder 40 40 and 

forces a soft material through pipe 42 to the casting/in- a hardened region of said first composition formed by 
jection molder 54. Extruder 50 forces a harder second exposing the region to be hardened to radiation, 

material through pipe 52 to the casting/injection wherein the flexible region permits contoured 

molder 54. The harder higher durometer material is placement of the tube and the hardened region has 

interspersed with the low durometer polyurethane from 45 sufficient rigidity to prevent collapse during nor- 
extruder 40 . Tube 30 which is conveyed out of molder mal use. 

54 t j s a c ompositeof the softer polyurethane areas 10 2. A tube, as recited in claim 1, wherein the hardened 
"a nd the harder higher durometer material areas 20 . region is helically shaped. 

Radiation source 55 exnoses the higher durometer ma - 3. A tube, as recited in claim 1, further comprising an 
"terial in regions 20 and further hardens those segment s 50 additional radio-opaque material. 
'of the catheter. As in the HG. 5 embodiment, a source 4. A unitary, flexible, substantially noncollapsible 
"of thermal energy can be substituted for the radiation catheter for insertion in a body lumen, comprising a 

source 55. Also, a rotary die extruder can be substituted tube having: 

for casting/injector molder 54 to produce a spiral or a flexible region including a first polymer composi- 
helical hardened area. By using a rotary die extruder, 55 tion of radiation hardenable biocompatible poly- 
the main body of the tube is made of a soft material, urethane with polybutadiene material, and 

extruded continuously, with a reinforcing spiral of a a hardened region of said first composition formed by 
harder material pump in the main body of the tube to exposure to radiation, wherein the flexible region 

reinforce it. permits contoured placement of the tube and the 

FIGS. 7(fl) and 1(b) illustrate a catheter which can be 60 hardened region has sufficient rigidity to prevent 
sterilized in vivo. The transparent catheter 200 contains collapse of the tube during normal use. 

fiber optics 202 and 204 along the length of its wall. The 5. A tube, as recited in claim 4, wherein the hardened 
fiber optics can be fixed in the wall of the catheter or region further comprises a plurality of ring shaped ar- 
movable along the length of the catheter. The body of eas. 

catheter 200 may, or may not be hardened in accor- 65 6. A tube, as recited in claim 4, wherein the hardened 
dance with the previous discussions. The fiber optics region is helically shaped. 

are without cladding so as to let light escape axially. 7. A tube, as recited in claim 4, further comprising a 
The fiber optics are connected to a source of ultraviolet radio-opaque material. 
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8. A catheter, as recited in claim 4, wherein the hard- 
ened region is hardened in vivo. 

9. A catheter, as recited in claim 4, further comprising 5 
a means to sterilize the catheter in vivo. 

JO. A unitary* substantially noncollapsible biocom- 
patible catheter tube comprising: ^ 



8 

a flexible region of polyurethane with polybutadiene, 
and 

a hardened region of polyurethane with polybutadi- 
ene including a plurality of ring shaped volumes, 
wherein the flexible region permits contoured 
placement of the tube and the hardened region has 
sufficient rigidity to prevent collapse during nor- 
mal use. 

***** 
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CERTIFICATE OF CORRECTION 



PATENT NO. : 5,222,949 
DATED : June 29, 1993 
INVENTOR(S) : Antoine Kaldany 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below; 

Col. 6, line 62, delete "tube" and insert —catheter--. 
,Col. 6, line 65, delete "tube" and insert — catheter — . 
Col. 6, line 67, delete "tube" and insert —catheter--. 



Signed and Sealed this 
Twenty-first Day of June, 1994 



Attest; 




BRUCE LEHMAN 



Attesting Officer 



Commitsioner of Patents and Trademarks 
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